Regression toward the mean is an artifact that as easily fools statistical experts as lay people. The universal phenomenon of regression toward the mean is just as universally misunderstood. Regression toward the mean is a very subtle phenomenon and easy to miss. (Campbell & Kenny, 1999, p. xiii) This study addresses the conditions under which false autobiographical events are likely to be planted in memory and the potential role of regression toward the mean in interpreting some of the research f indings on this topic. In a number of studies, it has been reported that it is possible to plant false events in memory. For example, Loftus and Pickrell (1995) had 24 volunteers suggest to an offspring or younger sibling that he or she had been lost in a mall while shopping when he or she was about 5 years old. Six of the 24 subjects reported either full or partial memory for the false event. Similarly, Hyman, Husband, and Billings (1995) asked college students about their memory for numerous true events and two false events. The percentage of subjects who recalled the false events as real was 20% in Experiment 1 and 25% in Experiment 2. And Ceci, Huffman, Smith and Loftus (1996) read preschool children a list of true and false events and asked them to "think real hard about each" event and "try to remember if it really happened." In the initial session, 44% of the children 3-4 years of age and 25% of the children 5-6 years of age remembered at least one of the false events.
On the other hand, there are clear constraints on the conditions under which false events can be planted in memory (see Pezdek & Hinz, in press , for a review of these constraints). Pezdek and Roe (1997) , for example, reported that although entirely new false events can be planted in children's memory, it is relatively more difficult to suggestively plant a memory for a touch to the body that did not occur than to suggestively change a memory for a touch that did occur. Also, Pezdek, Finger, and Hodge (1997) reported that plausible false events are more likely to be planted in memory than implausible false events. In the second experiment in this study, 20 confederate experimenters read descriptions of one true event and two false events to a younger sibling or close relative. One false event described the relative's being lost in a mall while shopping (the plausible event); the other false event described the relative's receiving a rectal enema (the implausible event). More subjects recalled the false event that involved being lost (n 5 3) than the false event that involved the enema (n 5 0). Similar results were reported with 5-to 7-year-old and 9-to 12-yearold children by Pezdek and Hodge (1999) .
Recently, Garry, Manning, Loftus, and Sherman (1996) investigated the possibility that childhood events could be suggestively planted in memory by having subjects simply think about the to-be-planted event once. This procedure, called imagination inflation, assesses the extent to which people's confidence that an event occurred in childhood was increased after imagining the event. In
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Imagination inflation: A statistical artifact of regression toward the mean KATHY PEZDEK and REBECCA M. EDDY Claremont Graduate University, Claremont, California In the imagination inflation procedure of Garry, Manning, Loftus, and Sherman (1996) , subjects rated a list of events in terms of how likely each was to have occurred in their childhood. Two weeks later, some of the events were imagined; control events were not. The subjects then rated the likelihood of occurrence for each event a second time. Garry et al. (1996) reported that the act of imagining the target events led to increased ratings of likelihood. This finding has been interpreted as indicating that false events can be suggestively planted in memory by simply having people imagine them. The present study tests and confirms the hypothesis that the results that have been attributed to imagination inflation are simply a statistical artifact of regression toward the mean. The experiment of Garry et al. (1996) was reproduced (with some procedural changes), using younger and older adults. The results of Garry et al. (1996) were replicated; likelihood ratings for events initially rated low in likelihood did increase from Time 1 to Time 2. However, ratings for events initially rated high in likelihood decreased under the same conditions, and these results were consistent with the imagined target events, the target events not imagined, and the nontarget events.
the study by Garry et al. (1996) , young adults completed a Life Events Inventory (LEI), in which they rated the likelihood that each of 40 events had happened to them before the age of 10 on a scale from 1 (definitely did not happen) to 8 (definitely did happen); we call these likelihood ratings. The list included 8 target events. Two weeks after completing the LEI, the subjects were asked to imagine 4 target events; the other 4 target events served as not-imagined control events. After imagining the events, the subjects completed the LEI a second time. The results, in terms of the percentage of events that stayed the same, increased, or decreased for events initially rated 1-4 (indicating that the target event probably did not occur), are presented in the top panel of Figure 1 . The major finding was that the majority of scores did not change from Time 1 to Time 2. However, when scores did change, positive change scores were more likely to occur than were negative ones. The authors stated that "imagining a self-reported counterfactual event increased confidence that the event did happen" (p. 213). In summarizing the results of this experiment and several others using the imagination inflation paradigm, Garry and Polaschek (2000) concluded that "a growing body of literature shows that imagining contrary-to-truth experiences Figure 1 . Percentage of target events that decreased, stayed the same, or increased for subjects who initially responded 1-4 in Garry, Manning, Loftus, and Sherman (1996) and in the present paper.
can change memory" (p. 6). Furthermore, "when people think about or imagine a false event, entire false memories can be implanted. Imagination inflation can occur even when there is no overt social pressure, and when hypothetical events are imagined only briefly" (p. 6).
This study was motivated by concerns about an alternative interpretation of the findings of Garry et al. (1996) . Two results in their study suggested that perhaps their findings could be explained as simply a case of regression toward the mean. First, for events initially rated 1-4, likelihood ratings increased for both imagined and not-imagined events. Although there were more imagined events (34%) for which ratings increased from Time 1 to Time 2 than not-imagined events (25%; significance tests of this difference could not be conducted, since individual subjects contributed different numbers of events to each condition), nonetheless this finding suggested that regression toward the mean might explain the upward shift in scores that occurred in both conditions. Second, we recently obtained from the authors their findings regarding the events initially rated 5-8 (C. G. Manning, personal communication, May 19, 1999) . These data, not reported in the published study, are presented in the top panel of Figure 2 . As can be seen, when scores did change from Time 1 to Time 2 for these events, 44% decreased (32 of 73), only 16% increased (12 of 73), and this pattern of results was consistent for both imagined and not-imagined events. These findings are exactly what would be predicted by regression toward the mean: When gathering data on the same measurement scale twice, scores below the mean tend to increase, and scores above the mean tend to decrease.
We also sought additional information not provided by Garry et al. (1996) . Although they reported the percentage of events that changed from Time 1 to Time 2, they did not report the mean likelihood ratings at Time 1 and Time 2 for events in the imagined versus the not-imagined conditions, nor did they report the magnitude of the change in mean likelihood ratings from Time 1 to Time 2 in each condition. The mean magnitude of the change in likelihood ratings from Time 1 to Time 2, rather than simply the percentage of events changed, contains more descriptive information from which to assess whether false events were really planted in memory. If imagining an event increased likelihood ratings by 4 or 5 points on a scale from 1 to 8, this would be far more impressive than if the mean increase was only 1 or 2 points.
The procedure used in this experiment was similar to the imagination inflation procedure utilized by Garry et al. (1996) and subsequently revised by Garry, Manning, and Loftus (1997) . We were primarily interested in the statistical analysis of the ratings of all target events, not just those initially rated as not likely to have occurred. In addition, to provide a specific test of whether the results of Garry et al. (1996) reflect suggested changes in the underlying memories, we included older adults (mean age 5 76 years), as well as younger adults (mean age = 21 years), in this study. If the results of Garry et al. (1996) reflect the extent to which false autobiographical events are suggestively planted in memory, the change in likelihood ratings from Time 1 to Time 2 would be expected to be greater for older adults than for younger adults. This prediction follows from the finding of Cohen and Faulkner (1989) that older adults are more suggestible than younger adults.
If the imagination inflation procedure does assess the extent to which false events are planted in memory, several predictions would follow. First, mean likelihood ratings for all imagined target events, not just for those initially rated 1-4, would increase from Time 1 to Time 2. Second, the change in likelihood ratings from Time 1 to Time 2 would significantly interact with the imagination condition, so that ratings for imagined events would change more than ratings for events not imagined. Third, the time 3 imagination condition 3 age interaction would be significant, so that the change in likelihood ratings from Time 1 to Time 2 in the imagined condition would be greater for older than for younger adults. On the other hand, if the results simply reflect regression toward the mean, then (1) likelihood ratings for events initially rated 1-4 would be more likely to increase and likelihood ratings for events initially rated 5-8 would be more likely to decrease from Time 1 to Time 2, (2) the change in scores from Time 1 to Time 2 would not interact with imagination condition, and (3) none of the effects involving the imagination condition would interact with age.
METHOD

Subjects and Design
Seventy-five subjects completed all the phases of Experiment 1. The subjects included one group of 32 older adults (age, M 5 75.66 years, SD 5 6.18) and one group of 43 younger adults (age, M 5 20.93 years, SD 5 3.58). The younger adults were students in an introductory psychology class at a local community college and received course credit for participating in the experiment. The older adults were recruited from a local senior citizens community center, and each older adult received $10 for his or her participation. Mean vocabulary test scores (maximum score 5 25) administered during the experiment significantly differed between the two groups [t(73) 5 6.44, p < .01], with vocabulary scores higher for older adults (M 5 18.09, SD 5 5.26) than for younger adults (M 5 11.44, SD 5 3.69). This finding is typical in studies comparing older and younger adults and suggests that the two age samples were from comparable populations. This was a 2 (older vs. younger adults) 3 2 (imagined vs. not-imagined events) 3 2 (Time 1 vs. Time 2) mixed factorial design, with age as the only between-subjects variable. The dependent variable was the likelihood rating on a scale from 1 (definitely did not happen) to 8 (definitely did happen) for the target events on the LEI.
Materials
During the first experimental session, all the subjects completed a 19-item LEI similar to the instrument used by Garry et al. (1996) . Whereas Garry et al. (1996) used a 40-item LEI, we used the 20-item LEI utilized by Garry et al. (1997) , with one item deleted because it did not translate across cultures. It was also necessary to modify some events in the LEI to indicate more culturally appropriate descriptions of events (e.g., "Shook hands with the Prime Minister" was changed to "Shook hands with the Governor"). The 19 events used in this study are listed in the Appendix. Four of these were target events, and 15 were nontarget events. In the Garry et al. (1996) study, 4 target events were imagined, and 4 target events were not imagined per subject. In the interest of time, in this study, the subjects imagined 2 of the 4 target events, and the other 2 target events were not imagined. Three of the 4 target events used in this study were target events from the Garry et al. (1996) study. The assignment of target events to the imagined and not-imagined conditions was counterbalanced across subjects, as was the order of presentation, so that each target item was assigned to the imagined and not-imagined conditions equally often.
Procedure
The procedures used were similar to those in Garry et al. (1996) . All the subjects participated in small groups in two phases of the experiment. During the first phase, each subject completed the 19-item LEI with no time limit. The subjects rated how likely it was that each event happened to them before the age of 10 by circling the corresponding number on a scale from 1 (definitely did not happen) to 8 (definitely did happen). This dependent measure will be called the likelihood ratings. A standard vocabulary test was administered after the first LEI was completed. After completing the first phase, the subjects were dismissed and instructed to return 2 weeks later. In the second phase of the study, the subjects were instructed to imagine two of the four target events. During the imagination sequence, the experimenter instructed the subjects to imagine that each of two target childhood events had happened to them before the age of 10 and to respond in writing to four questions about the imagined scenario. The questions were included to aid in the imagining of the physical details of each event. As each target event was presented, the subjects were instructed as follows:
I am interested in how elaborately people can imagine events that they may have experienced in their life. I am going to ask you to imagine each of two events. As I read you a description of each event, I am going to ask you to picture the event in your memory in as much detail as possible. I will speak slowly and give you as much time as you need to develop a clear image of the event in your mind. It will help you to form a complete mental picture if you include familiar places, people, and objects in your image. Feel free to close your eyes while you form your image or to look at a neutral focal point in this room. On the sheet in front of you, please write your answer to each of the questions that I ask you.
Each subject was allowed 3-5 min to imagine each event and to write down the description.
After completing the imagination sequence, the subjects completed the LEI a second time. The LEI in the second session was identical to the LEI in the first session, with the same instructions given both times. The subjects were allowed unlimited time to complete the inventory and were debriefed after all materials had been collected. The timing of the imagination sequences and the administration of the second LEI followed the procedures of Garry et al. (1996) .
RESULTS
Analyses Comparable With Those of Garry et al. (1996): Events With Initial LEI Ratings of 1-4
The data were first analyzed as in Garry et al. (1996) to assess whether their results were replicated here. The general pattern of results for target events initially rated 1-4 is presented in Figure 1 for both this experiment and that by Garry et al. (1996) . Since Garry et al. (1996) did not report the results for target events initially rated 5-8, the results reported in the top panel of Figure 1 are the principal findings on which they based their conclusions. In the present experiment, 75% of the target events were initially rated 1-4 (high likelihood that the event had not occurred in childhood), and 25% were initially rated 5-8 (high likelihood that the event had occurred in childhood). In this experiment, for target events initially rated 1-4, a majority of the ratings for both the imagined (50%) and the not-imagined (65%) events stayed the same from Time 1 to Time 2. This is comparable to the result of Garry et al. (1996) that for target events initially rated 1-4, ratings of 57% for the imagined target events and 65% for the not-imagined target events stayed the same from Time 1 to Time 2. Also similar to the findings of Garry et al. (1996) , when ratings changed from Time 1 to Time 2, the direction of change was more likely an increase than a decrease, as is shown in Figure 1 . In this study, whereas the ratings for 39% of the imagined target events and 25% of the not-imagined target events increased from Time 1 to Time 2, the ratings of only 11% of the imagined target events and 10% of the not-imagined target events decreased from Time 1 to Time 2. Similarly, Garry et al. (1996) reported that whereas the ratings for 34% of the imagined target events and 25% of the notimagined target events increased from Time 1 to Time 2, the ratings for only 9% of the imagined target events and 10% of the not-imagined target events decreased from Time 1 to Time 2. It is thus clear that the major findings of Garry et al. (1996) were replicated in this experiment.
Analyses of Events With Initial LEI Ratings of 5-8
A second set of analyses was conducted to compare the change in likelihood ratings from Time 1 to Time 2 for target events initially rated 5-8 (high likelihood that the event had occurred in childhood). This analysis was conducted to investigate the possibility that the changes in the likelihood ratings simply reflected regression toward the mean-that although events initially rated low on the likelihood scale tended to increase when the subjects rated them a second time, events initially rated high on the likelihood scale tended to decrease when the subjects rated them a second time. The general pattern of results for events initially rated 5-8 is presented in Figure 2 for both this experiment and that by Garry et al. (1996) . As can be seen in Figure 2 , the findings are remarkably similar in these two experiments. In this experiment, for target events initially rated 5-8, a majority of the ratings for both the imagined (54%) and the not-imagined (53%) target events decreased from Time 1 to Time 2. This is comparable to the results of Garry et al. (1996) , that for the events initially rated 5-8, ratings of 43% of the imagined target events and 46% of the not-imagined target events decreased from Time 1 to Time 2. In both experiments, few of the target events initially rated 5-8 increased from Time 1 to Time 2. In this experiment, only 14% of the imagined target events and 12% of the notimagined target events increased from Time 1 to Time 2. In the experiment by Garry et al. (1996) , ratings for only 10% of the imagined target events and 24% of the notimagined target events increased from Time 1 to Time 2. Across both experiments, it is especially noteworthy that the pattern of change in ratings was remarkably similar for imagined and not-imagined target events. This suggests that the results were not caused solely by the act of imagining the target events.
Analyses of Nontarget Events
If regression toward the mean is operative in the imagination inflation paradigm, it should be evidenced with the nontarget events, as well as with the target events. To assess this prediction, the change in likelihood ratings from Time 1 to Time 2 for the 15 nontarget events was assessed for the events initially rated 1-4 and for those initially rated 5-8. As with the target events, the majority of the nontarget events (61%) were initially rated 1-4. The pattern of results observed with the target events was replicated with the nontarget events. First, the modal pattern for nontarget events was for the likelihood ratings to stay the same from Time 1 to Time 2 (62% for events initially rated 1-4 and 49% for events initially rated 5-8). When likelihood ratings did change from Time 1 to Time 2 for the nontarget events initially rated 1-4, the change was more likely to be an increase (30%) than a decrease (8%). When likelihood ratings did change from Time 1 to Time 2 for the nontarget events initially rated 5-8, the change was more likely to be a decrease (41%) than an increase (10%). The similar pattern of results with target and nontarget events supports the significant role of regression toward the mean in accounting for results of the imagination inflation paradigm. These results should also assuage concerns that the findings in this study are item-specific effects.
Tests of Regression Toward the Mean With Events With Extreme Initial LEI Ratings
If regression toward the mean is operative in the imagination inflation paradigm, it would also be predicted that events initially assigned extreme likelihood ratings would show more regression toward the mean than would events initially assigned less extreme likelihood ratings. To assess this prediction, the change in likelihood ratings from Time 1 to Time 2 was examined for events initially rated 1-2, 3-4, 5-6, and 7-8. These results were examined separately for imagined target events, not-imagined target events, and nontarget events. These data are presented in Table 1 . Significance tests could not be conducted on these data, since the factors are neither independent nor nonindependent. However, a clear pattern can be observed in the descriptive data. For all three types of eventsimagined target events, not-imagined target events, and nontarget events-the change in scores from Time 1 to Time 2 was greater for the events initially rated 1-2 than for events initially rated 3-4 and greater for events initially rated 7-8 than for events initially rated 5-6. These results support the significant role of regression toward the mean in accounting for the results of the imagination inflation paradigm.
Analyses Using Target Events as the Unit of Analysis
In support of their conclusions regarding the existence of imagination inflation, Garry et al. (1996) compared the imagined target events with the target events not imagined in terms of the percentage of subjects for whom likelihood ratings increased from Time 1 to Time 2 for events that were initially rated 1-4. Treating events as the unit of analysis, they reported a significant paired t test, with the percentage of subjects who positively changed from Time 1 to Time 2 8.2% greater for imagined events than for events not imagined. We performed this same analysis in this study and found similar results. With the four target events as the unit of analysis and only the target events that were initially rated 1-4 being considered, the percentage of subjects for whom likelihood ratings increased from Time 1 to Time 2 was 14.2% greater for imagined events than for events not imagined [t(3) 5 2.65, p < .05]. In contrast, when we performed a comparable analysis on the target events that were initially rated 5-8, the percentage of subjects for whom likelihood ratings decreased from Time 1 to Time 2 did not significantly differ between imagined events and events not imagined (t < 1.0). Although these results suggest a role of imagination inflation over and above the effect of regression toward the mean, this conclusion is not consistent with findings obtained when the data are analyzed not simply in terms of how many people increased their likelihood ratings from Time 1 to Time 2, but rather in terms of the actual magnitude of the change in likelihood ratings that did occur.
Assessing the Magnitude of the Change in LEI Ratings
Next, the data were analyzed to assess the magnitude of the change in likelihood ratings from Time 1 to Time 2 for events initially rated 1-4. Table 2 shows the mean ratings for each of the four target events at Time 1 and Time 2 and the change in ratings for each event. Weighted means were computed because the total number of subjects contributing to the mean for each item varied. The data for imagined target events are presented in the left panel of Table 2 . For imagined target events initially rated 1-4, the mean amount of change from Time 1 to Time 2 was only 1.13 points on the 1-8 scale. With the exception of one item ("Saw a shooting star"), for imagined events initially rated 1-4, the mean rating at Time 2 remained on the 1-4 (did not happen) end of the scale. The data for target events not imagined are presented in the right panel of Table 2 . Ratings for not-imagined events initially rated 1-4 also indicate a small mean change from Time 1 to Time 2, only 0.68 points. For each of the four target events, the mean likelihood rating at Time 2 also remained on the 1-4 (did not happen) end of the scale. Also, it is worth noting that for events initially rated 1-4, 51% of the increases in likelihood ratings for imagined target events were increases of only 1 or 2 points; for target events not imagined, 34.5% of the increases in LEI scores were increases of only 1 or 2 points. For target events initially rated 1-4, when large rating increases of more than 3 points did occur from Time 1 to Time 2, they were more likely to occur for events that were not imagined (65%) than for events that were imagined (49%). This finding provides additional evidence that the results were not a product of the subjects' imagining the target events. In the analysis above, the change in likelihood ratings for each of the four target events when they were initially rated 1-4 was examined. We next compared the mean changes in likelihood ratings from Time 1 to Time 2 for events initially rated 1-4 and for events initially rated 5-8. These descriptive data, presented in Figure 3 , are plotted separately for the imagined target events, the not-imagined target events, and the nontarget events. It is clear that, as would be predicted by regression toward the mean, the mean likelihood ratings for events initially rated 1-4 increased from Time 1 to Time 2, the mean likelihood ratings for events initially rated 5-8 decreased from Time 1 to Time 2, and the trend was similar for the imagined target events, the not-imagined target events, and the nontarget events.
An additional descriptive analysis was conducted to examine the magnitude of the change in likelihood ratings only for the events that increased or decreased from Time 1 to Time 2. There were 300 target events all together (4 target events for each of 75 subjects), of which 154 were unchanged from Time 1 to Time 2. This analysis was conducted on the remaining 146 events. These data are presented in Table 3 . As can be seen in the top panel of Table 3 , in the imagined condition, the events initially rated 1-4 that increased from Time 1 to Time 2 increased by approximately the same magnitude (M 5 3.32) as the events initially rated 5-8 decreased by (M 5 23.04). Also, the events initially rated 1-4 that decreased from Time 1 to Time 2 decreased by approximately the same magnitude (M 5 21.58) as the events initially rated 5-8 increased by (M 5 1.50). Furthermore, as can be seen in the middle and bottom panels of Table 3 , this same trend occurred with target events not imagined and with nontarget events. Significance tests cannot be conducted on these data, since these factors are neither independent nor nonindependent; the subjects differed in terms of whether they contributed to each cell in this 2 (event initially rated 1-4 or 5-8) 3 2 (ratings increased or decreased) matrix, as well as how frequently they contributed to each cell. Nonetheless, it is clear from the descriptive data that the magnitude of the regression toward the mean for events with initial low likelihood ratings was approximately the same as the magnitude of the regression toward the mean for events with initial high likelihood ratings and that this trend was similar for imagined target events, for target events not imagined, and for nontarget events. Also, shifts in likelihood ratings away from the mean were not only infrequent (see Figures 1 and 2 ), but also of a smaller mean magnitude than were shifts in ratings toward the mean. These data provide additional support for the conclusion that the results produced in the imagination inflation paradigm are evidence of regression toward the mean.
Analysis of Variance
Additional analyses were performed on the data to assess patterns of results beyond those addressed by Garry et al. (1996) . A repeated factors analysis of variance (ANOVA) was conducted to compare the effects of time, imagination condition, and age group on likelihood ratings for target events. All results are considered significant at the p < .05 level. The main effect of time was significant [F(1,73) 
Testing Regression Toward the Mean Directly
The most direct statistical test of regression toward the mean was conducted with this final analysis. 1 This test was conducted on each of the four target events separately, with subjects as the unit of analysis. For each target event, this analysis included only those subjects for whom the Time 1 LEI score in the imagine condition was below the mean for that event at Time 1 in the imagine condition. This is the condition for which the strongest predictions of imagination inflation were made by Garry et al. (1996) . In this analysis, if nothing but regression toward the mean is accounting for the results, then for events initially rated below the mean in the imagine condition, the mean residual difference-that is, the mean difference between the obtained Time 2 LEI score ( y) and the predicted Time 2 LEI score ( y ¢)-should be randomly distributed with an expected value of zero, where Z y ¢ 5 (r xy ) (Z x ), and r xy is the correlation between the Time 1 LEI score and the Time 2 LEI score for all subjects in the control condition. In other words, if nothing but regression toward the mean is occurring, as we contend, then in the imagine condition, the actual Time 2 LEI scores obtained should not differ significantly from the Time 2 LEI scores predicted from the regression equations derived for each event in the control condition. On the other hand, if imagination inflation is occurring then for each event, the mean residual difference should be significantly greater than zero, indicating that the Time 2 LEI score in the imagined condition predicted from r xy for all subjects in the control condition was less than the actual Time 2 LEI score obtained in the imagine condition.
Following this procedure, the residual was computed for each of the four target events separately. These values are presented in Table 4 . A one-sample t test yielded the residual for each of the four target events to be nonsignificantly different from zero. Thus, for imagined events that were initially rated as unlikely to have occurred in one's childhood, beyond the effect of regression toward the mean, there was no consistent variance in the change in LEI scores from Time 1 to Time 2 to be accounted for by any other factors. This analysis of the data provides the strongest statistical basis for concluding that regression toward the mean-not imagination inflation-accounts for the obtained results.
DISCUSSIO N
In this experiment, the imagination inflation procedure was used to assess whether imagining several target childhood events increased ratings of the likelihood that the events had occurred, as had been concluded by Garry et al. (1996) . The major findings in the study by Garry et al. (1996) were replicated in this experiment, suggesting that when the data from both studies were analyzed similarly, the same results occurred; ratings for events initially rated 1-4 were more likely to increase than to decrease. Although these findings were interpreted by Garry et al. (1996) as evidence that imagining the specific target events results in increased confidence that the events are part of one's autobiography, an alternative interpretation exists. The alternative interpretation is that the change in ratings from Time 1 to Time 2 is a statistical artifact of regression toward the mean. Garry and Polaschek (2000) briefly considered this interpretation but concluded that it was "easily dismissed" (p. 9). Several additional analyses were included in this experiment specifically to assess the role of regression toward the mean in accounting for the results of Garry et al. (1996) . The two interpretations can be differentiated on the basis of four specific predictions.
First, if the imagination inflation procedure assesses the extent to which events are planted in one's autobiographical memory, mean likelihood ratings for all imagined target events, not just for those initially rated 1-4, would increase from Time 1 to Time 2. As can be seen in Figure 1 , as compared with Figure 2 , and in the top as compared with the bottom panel of Figure 3 , in this experiment, as well as in that of Garry et al. (1996) , although the mean likelihood ratings for events initially rated 1-4 increased from Time 1 to Time 2, the mean likelihood ratings for events initially rated 5-8 decreased from Time 1 to Time 2. Furthermore, shifts in likelihood ratings toward the mean were not only more frequent, as can be seen in Table 3 , but also of a larger mean magnitude than were shifts in likelihood ratings away from the mean, and this trend was similar for the imagined target events, for the target events not imagined, and for the nontarget events. These results support the interpretation that the change in likelihood ratings from Time 1 to Time 2 occurred as a result of regression toward the mean.
Second, if the imagination inflation procedure assesses the extent to which events are planted in one's autobio- graphical memory, the change in likelihood ratings from Time 1 to Time 2 will significantly interact with imagination condition, so that ratings for imagined events would change more than ratings for events not imagined.
This prediction could not be tested in the study by Garry et al. (1996) because an ANOVA was not reported on those data. The ANOVA conducted on the data in this experiment resulted in a nonsignificant interaction of time with the imagination condition (F < 1). Furthermore, for target events initially rated 1-4, when large rating increases of more than 3 points did occur from Time 1 to Time 2, they were more likely to occur for events that were not imagined (65% of positive change scores for events not imagined) than for events that were imagined (49% of positive change scores for imagined target events). Again, these results suggest that the change in likelihood ratings from Time 1 to Time 2 occurred as a result of regression toward the mean and does not reflect a change in memory as a result of imagining the target events. Third, if the imagination inflation procedure assesses the extent to which events are suggestively planted in one's autobiographical memory, the change in likelihood ratings from Time 1 to Time 2 would be greater for older adults than for younger adults. This prediction follows from the finding of Cohen and Faulkner (1989) that older adults are more suggestible than younger adults. This experiment included older (M age 5 75.66 years) and younger (M age 5 20.93 years) adults to specifically test this prediction. None of the effects involving age significantly affected the likelihood ratings. This result supports the interpretation that the change in likelihood ratings from Time 1 to Time 2 does not reflect a suggestive change in memory as a result of imagining the target events.
Fourth, the strongest test of whether the results from the imagination inflation paradigm result from the planting of the imagined event in memory or from regression toward the mean is provided in the analysis of the mean residual differences, y -y ¢, in the imagine condition. That is, if imagination inflation accounts for the results, then for events initially rated below the mean in the imagine condition, the mean difference between y, the actual obtained Time 2 LEI score, and y ¢, the Time 2 LEI score predicted by the equation Z y ¢ 5 (r xy ) (Z x ) should be significantly greater than zero. As is presented in Table 4 , for each of the four target events, the mean residual difference was not statistically significant. It is clear that for the imagined events that were initially rated as unlikely to have occurred in one's childhood, beyond the effect of regression toward the mean, there is no consistent variance in the change in LEI scores from Time 1 to Time 2 that can be accounted for by any other factors. This analysis of the data provides the strongest statistical basis for concluding that regression toward the mean, and not imagination inflation, accounts for the obtained results.
Because the procedure used in this study did not exactly replicate that of Garry et al. (1996) , it might be argued that this study simply presents a failure to replicate Garry et al.'s (1996) results, owing to these methodological differences. There were several procedural differences between the two studies (e.g., the use of 4 vs. 8 target events, the use of 15 vs. 32 filler events, and the use of no cover story vs. a cover story at the beginning of the second administration of the LEI). Many of these methodological differences, in fact, reflect procedures introduced by Garry et al. (1997) in a study subsequent to their 1996 experiment. However, the important point in this study is that the findings of Garry et al. (1996) were replicated when the results were analyzed as in Garry et al. (1996) ; these data are presented in Figure 1 . What is new here is the pattern of results for the events initially rated 5-8; these data are presented in Figure 2 . Again, there is a similar pattern of results in both studies. Also, the similar pattern of results with the target events and the nontarget events in this study suggests that the findings in this study are not item-specific effects. Thus, the present results cannot be attributed to procedural differences between this study and that of Garry et al. (1996) . Despite the procedural differences between the two studies, similar results were obtained when similar analyses were conducted.
It might also be argued that imagination inflation is supposed to occur for events that are originally rated as unlikely rather than likely to have occurred. According to this argument, imagining highly probable events could lead to planting new details in memory that conflict with details for related events already stored in memory. As a consequence, likelihood ratings would be reduced by imagining these highly probable events. This argument is not compelling, given that the increase in likelihood ratings from Time 1 to Time 2 for events initially rated low and the decrease in likelihood ratings from Time 1 to Time 2 for events initially rated high occurred for the imagined target events and the target events not imagined, as well as for the nontarget events. Thus, the results do not appear to be attributable to the cognitive process of imagining the target events.
It is evident from previous research that under some conditions, false events can be suggestively planted in memory (Hyman et al., 1995; Loftus & Pickrell, 1995; Pezdek & Roe, 1997) . However, from the results of this experiment, along with those of Garry et al. (1996) , it is clear that the act of thinking about or imagining a false event is not sufficient to plant that false event in memory. In the imagination inflation paradigm, the change in likelihood ratings from Time 1 to Time 2 for imagined events is accounted for by regression toward the mean, and not by a change in memory that results from imagining these events. Extensions of this research are needed to test whether there are any conditions under which imagination inflation for autobiographical memories does occur, above and beyond the effects of regression toward the mean.
In a recent study of individual differences in imagination inflation, using a procedure similar to that of Garry et al. (1996) , Paddock et al. (1998) reported results similar to those of Garry et al. (1996) . However, the results of Paddock et al. also focused on analyses of events initially rated 1-4. They did include some analyses of all target events initially rated 1-7, but they did not separately examine events with high versus low initial likelihood ratings. Because in most imagination inflation studies, only a minority of events receives initial high likelihood ratings (25% of the events in the present study), analyses that combine results for all events are not sensitive to the direction of the effect for events with initial high likelihood ratings. Furthermore, in Experiment 2, utilizing subjects who were not from a college population, Paddock et al. found no evidence of imagination inflation; imagining the target events did not inflate likelihood ratings from Time 1 to Time 2.
In another study of imagination inflation, Mazzoni, Loftus, Seitz, and Lynn (1999) used a variation of the procedure of Garry et al. (1996) . Likelihood ratings for events on the LEI were provided in the first LEI session and 3 or 4 weeks later in the second LEI session. One of the target events on the LEI was either "was harassed by a bully" or "was lost in a public place for more than one hour" before the age of two. One to 2 weeks after the first session, the subjects in the dream interpretation condition participated in what they were led to believe was an unrelated dream interpretation session. During the session, a "clinical psychologist" interpreted their dreams to suggest that a difficult childhood experience, such as being bullied/lost, appeared to have happened to them before the age of three. Control subjects did not have the dream interpretation session. Mazzoni et al. (1999) reported that in the dream interpretation condition, likelihood ratings for the critical target item were more likely to increase than to decrease from Time 1 to Time 2. In the control condition, however, likelihood ratings for the target item were more likely to decrease than to increase from Time 1 to Time 2. These results cannot be explained by regression toward the mean and suggest that imagination inflation did occur. There are two important procedural differences between the study by Mazzoni et al. and the present study. First, the dream interpretation session was temporally closer to the first than to the second administration of the LEI. As has been suggested by the results of Goff and Roediger (1998) , this is an important factor in determining when imagination inflation occurs and when it does not. But second, the dream interpretation session was much more suggestive than simply having subjects imagine a target event. In the dream interpretation session, the subjects were provided with a reason why it was likely or plausible that they were bullied/lost as a child. Not surprisingly then, when they later rated how likely it was that they were bullied or lost as a child, their likelihood ratings increased. These results, however, do not appear to reflect a change in memory for the target event. When asked what they remembered about the target event from their childhood, only 2 of the 27 subjects in the dream condition reported additional details of the target event purported to have occurred before the age of three.
Psychologists are currently debating the extent to which false events can be suggestively planted in memory (see Pezdek & Banks, 1996 , for a review). Although it is evident that some false events can be planted in memory under some conditions, it is not yet clear what the full range of these conditions is. From the results of this study, it is clear that one act of imagining a fictitious childhood event does not alone increase people's confidence that the event happened to them. When people simply think about or imagine a false event, this does not result in the false event's being implanted in memory. What may appear to be imagination inflation is actually a case of statistical regression toward the mean.
